Objective: To assess the onset and frequency of first interfetal contacts by 4D sonography.
INTRODUCTION
Fetal activity has been used as a sign of fetal viability since ancient times. The sum of all fetal activity is called 'fetal behavior'.
With the development of transabdominal, twodimensional ultrasound, fetal movements were recognized as developing during the first trimester.
Reinold was one of the first to describe fetal activity with two-dimensional sonography. 1 Nine years later, De
Vries et al evaluated the onset and development of fetal activity using video documentation. They described different types of fetal activity according to their onset in singleton pregnancies. 2 In the 1950s, Hooker showed that the embryo responds to stimuli. 3 Spontaneous activity is the dominant behavioral pattern in singleton pregnancies. However, external stimuli (mother activity, glucose intake, exposure to drugs, alcohol, nicotine, caffeine or maternal stress) can also trigger fetal motor activity.
Hooker suggested that the activity of a twin could be either spontaneous or induced by the cotwin, and this hypothesis was confirmed by Arabin et al who reported embryonic reaction toward a tactile stimulus between 8 and 9 weeks of gestation. In more advanced pregnancies, they defined the quality of intertwin contacts as 'first reach and touch', 'first reaction', 'complex contacts', 'mouth contacts' and 'diffuse interactions' 4 . Twin pregnancies allow the first reactions toward touch to be observed in utero.
Despite the studies by Arabin et al, however, fetal behavior in twin pregnancies has been little investigated, [5] [6] [7] [8] [9] [10] particularly during the first half of gestation. The problem of assessment with two-dimensional sonography is that all activity outside the transducer's field of view is ignored. The use of four-dimensional ultrasound has enabled to see a much larger field of view 11 ( Fig. 1) .
Although there are reports in the literature studying fetal behavior with 4D sonography in single pregnancies, [12] [13] [14] [15] [16] [17] [18] there is a lack of studies concerning twin pregnancies. Our aim was therefore to assess the onset and frequency of first interfetal contacts by 4D sonography. Here, we present a preliminary study of the onset and frequency of the first interhuman contacts.
METHODS
We conducted a descriptive and prospective study of 20 women with twin pregnancies, all of whom volunteered to take part. Oral informed consent was obtained from all the women. Inclusion criteria were the presence of a viable twin pregnancy prior to 8 weeks gestation, no concomitant use of prescribed drugs by the mother, and no significant difference in size between the twins. Ultrasound explorations were recorded on DVD and analyzed retrospectively. All cases were scanned weekly and the exploration was limited always to 20 minutes.
The DVDs of each twin pair were analyzed by two researchers. After a training period, the intra-and interobserver variability were calculated using the analysis of two different twin series.
For the observed intertwin contacts, a variation coefficient between 91 and 100% was reached.
Gestational age and chorionicity were established at the earliest first trimester scan. Of the 20 twin pregnancies, three were monochorionic, all of them biamniotic, and 17 dichorionic. All monochorionic pairs and five of the dichorionic pairs were spontaneous, whereas the remaining 12 pregnancies were pregnancies achieved by ART.
According to their position on the screen, twins were characterized as either A, left/below or B, right/above. The sex of the fetuses was diagnosed as early as possible and correlated to their position.
Onset of intertwin contacts and their categorization 4 or mouth of the cotwin with the lips, followed by a reaction of the cotwin. 5. Diffuse interactions: Initiations and reactions which are difficult to distinguish (with advancing gestational age). The data set was completed retrospectively and included data of pregnancy, delivery and perinatal outcome.
For statistical analysis, data were expressed in boxwhisker plots. The mean values and the 25th and 75th centiles were plotted up to 1.5-fold distances from the given centiles. Quantitative variables were compared with nonparametric tests (Kruskal-Wallis). All statistical analyses were performed with SPSS version 14.0. All tests were bilateral and significance was set at a p-value of 0.05.
RESULTS
We observed that many forms of movement start within few days. The mean for touch no reaction, first reaction and slow body movements was 91 postmenstrual days (13 weeks), for fast body movements it was 92 postmenstrual days (13+1 weeks), and for more complex contacts it was between 93 and 95 days (13+2-13+4 weeks) (Fig. 2) .
With increasing gestational age a higher frequency of movement was observed. Curiously, the frequency of 'first touch no reaction' (Fig. 3) increased only up to 13 weeks, but from then on stabilized or even diminished.
In the case of first reactions, which we divided into slow (Fig. 4) and fast ( Fig. 5 ) body movements, it is interesting to observe that slow movements were always more common than fast movements at the studied period, that is between 8 and 16 weeks of pregnancy.
However, the graphics reveal that the complexity of intertwin contacts increases from 84 postmenstrual days (12 weeks) onward. Complex contacts (Fig. 6 ) and diffuse interactions (Fig. 7) were observed more often among older fetuses.
The frequency of mouth contacts, considered very complex contacts and not observed until the 10th week of gestation, increases during pregnancy up to an average of eight movements at 16 weeks of pregnancy (Fig. 8) . That is, as gestational age progresses, the movements become more complex and occur more frequently. have appeared, as a (nonsignificant) tendency for the female/ female pairs to show earlier intertwin contacts was found.
DISCUSSION
Until recently, prenatal behavior in twins has only been studied with two-dimensional sonography and most studies were performed in advanced pregnancies. [4] [5] [6] [7] [8] [9] [10] 18, 19 Two types of motor activity are possible in multiples: Spontaneous and reactive. Spontaneous motor activity is defined as embryonic or fetal activity that is not evoked by internal or external stimuli. Activity that is reactive to intertwin contacts is characterized as stimulated activity. Spontaneous motor activity precedes stimulated activity in terms of gestational age of onset. 20 It is assumed that spontaneous motility and reactions toward stimuli are expressions of early neuromuscular development and that both have some kind of influence on the differentiation of the neuromuscular system. As with motor activity in singletons, the primacy of contact patterns may indicate that contacts are developed before they can Although we analyzed the subgroups according to different gender combinations, we did not detect differences in the onset of intertwin contacts (Table 1) . It remains unknown whether with a larger series differences would be used for responding to biological or psychological sensory stimuli. 21 The initial development of axodendritic and axosomatic synapses occurs between 8 and 10 gestational weeks. 22 Another striking increase in the number of axosomatic synapses is then reported to take place between 12 and 15 gestational weeks. This could be related to the increased incidence of more complex movements that fetuses show at these gestational ages.
4D sonography increases the efficacy of the assessment of complex movements as it encompasses a much larger field as 2D sonography does. It also provides near real time spatial visualization of the fetal anatomy and movements and this simultaneous visualization of the entire anatomy of the two fetuses allows a more reliable characterization of the type of movement, whether isolated or in the context of intertwin contacts and interactions.
The assessment of the onset and frequency of first interfetal contacts by 4D sonography was the aim of the present study and we believe that the evaluation of twin behavior with 4D sonography enhances the visualization of movement activity of each fetus, independently of its spontaneous or reactive nature. In this study, we did not analyze the differences in activity patterns of cotwins.
Using 4D sonography, we observed the first intertwin contacts at 61 (8+5 weeks) postmenstrual days, while complex movements were seen from 68 postmenstrual days (9+5 weeks) onward. These results are quite different from those reported in studies done with 2D sonography. In these latter, the onset of first interfetal contacts seem to appear earlier and this probably reflects the better field of view offered by 4D over 2D sonography.
With 4D ultrasound, the onset of simple and complex interfetal contacts seem to occur almost at the same time. Nevertheless, simple movements are more often seen at earlier gestational ages. The complexity of intertwin contacts increases from 84 postmenstrual days (12 weeks) onward. With advancing gestational age and diminishing distance between twins, more complex contacts are seen.
The more complex interactions develop very quickly after the simplest ones, just few days later.
Although the aim of the study of the onset and frequency of first interfetal contacts by 4D sonography is to evaluate the fetal behavior in twins, it provides interesting information regarding the interpretation of fetal neurosensitive and neuromotoric activity. But there are many questions that remain unanswered.
The present research constitutes a pilot study and there is much more work to be done. Indeed, we are aware that the sample size is small (low statistical power), the duration of the explorations and the intervals between examinations could have been shorter. Furthermore, information regarding health or emotional state of the mother, the last food intake, etc. were not taken into account when analyzing the movements.
